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ABSTRACT 
 
The main aim of this study is to compare the buckling phenomenon of metal strip under 
both ends pinned setting. Buckling may be demonstrated by pressing the opposite edge 
of a plate toward one another. In achieving the objective, this research involves  design 
and fabrication of the buckling test rig, run the experiment on test rig under condition 
both ends are pinned and to compare the experimental result with computer simulation. 
This thesis describes the methods of designing, fabricating and experiment the lateral 
bending test equipment. Started with test rig design, it has been developed. using 
SOLIDWORKS 2011.It is continued with fabrication work in FKM laboratory. Specific 
for the pinned ends design, V shape feature has been adopted in the design using  a 
rectangular aluminum. The next stage is on experimental work, where  the tests have 
been conducted as the planned test loading. The specimen showed buckling 
phenomenon and strain has been  measured using the strain gauge connected to data 
logger system. The value of strain from experimental will be compare with strain values 
from ABAQUS simulation. From this project, we can prove that the experimental result 
is same with the simulation result.  
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ABSTRAK 
 
Tujuan utama kajian ini ialah untuk membandingkan fenomena bengkokkan kepingan 
logam dibawah kedua-dua hujung tersemat. Bengkokkan boleh ditunjukkan dengan 
menekan tepi plat ke arah bertentangan antara satu sama lain. Dalam mencapai objektif, 
penyelidikan ini melibatkan mereka bentuk dan rekaan alat penguji pembengkokkan, 
menjalankan eksperimen pada alat penguji pembengkokkan di dalam keadaan kedua-
dua hujung ialah pin dan untuk membandingkan keputusan eksperimen dengan 
keputusan simulasi komputer. Tesis ini menggambarkan kaedah-kaedah rekaan, mereka 
dan menguji peralatan ujian lentur sisi. Dimulakan dengan mereka bentuk  dan ia 
dibangunkan dengan mengunakan SOLIDWORKS 2011. Ia diteruskan dengan kerja 
mereka di dalam makmal FKM. Untuk mereka ciri khusus hujung tersemat, bentuk V 
telah diambil kira dalam reka bentuk dengan mengunakan aluminium segi empat tepat. 
Peringkat berikutnya ialah dengan kerja eksperiment, di mana ujian-ujian telah 
dijalankan dengan ujian pemberat. Spesimen menunjukkan fenomena pembengkokkan 
dan terikan telah diukur menggunakan tolok terikan yang berhubung dengan sistem 
analog data. Nilai terikan dari eksperimen akan dibandingkan dengan nilai2 dari 
simulasi ABAQUS. Daripada projek ini, kami boleh membuktikan bahawa keputusan 
eksperimen sama dengan hasil simulasi. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Project Background 
 
 This project focuses on design and fabricate new test rig for buckling test 
equipment. Then, to run the buckling test rig under pinned- pinned ends condition. 
Lastly is to compare the result between the experimental and the computer simulation 
 
1.2 Problem Statement 
 
 Higher education teaching requires lecturers apply various methods to make the 
subject easier. In this case, teaching technique is the most important factor. One of the 
subject is on computer simulation such as finite element method. For this subject, 
students need to understand the basics engineering mechanics and materials, failure 
prevention under static and variable loading, and characteristics of the principal types of 
mechanical elements. With the current practice where student only learn based on 
following the given tutorial, it is not really practical to make student understand this 
subject. Hence, there are need changes for current teaching practices because students 
more prefer hand-on and practical in their learning process. Thus, the new method of 
teaching is needed to teach subject this subject based on comparison between 
experiment and simulation analysis. For example, FE course need better teaching 
technique to make student easily understand their application in solving engineering 
problem. 
 
 Many structures collapse due to lack of support system to counteract lateral 
loads. Though it is a structural engineer‟s duty to design the structure for the stability, 
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the contractor must ensure that adequate members have been provided and that the 
structure is erected as designed. Most of the construction curriculum does not cover 
lateral stability of the buildings; as a result, students are not aware of its importance. 
Therefore, there is a need to develop a teaching aid on lateral bending test equipment 
that will help student to more understanding about buckling. 
 
  Therefore, all the construction programs include structures in their curriculum. 
These construction programs emphasize on in depth study of some of the key issues 
such as dead loads and live loads, beam, strip design, and so forth and do not focus on 
entire structural stability. Another primary concern of any structure is to provide 
sufficient stability to prevent excessive lateral deformation and thus resist collapse. 
Therefore, along with the vertical loads, every building should be adequately stiffened 
against horizontal forces like wind and seismic forces. This problem can be investigated 
by experimental in lab, for example is buckling test, it is a simple engineering problem 
that always occur in engineering problem. 
 
 This innovative capstone serves as a teaching aid on lateral bending of structures 
that can be used by the professors for the structures classes, by the undergraduate thesis 
students, and graduate students as a resource. Besides that, it can be tested in lab and 
Finite Element software can used to develop similar model. 
 
1.3 Project Objective 
 
The main aim of this study is to compare strip buckling with pinned ends by  
experiment and numerical analysis. To achieve the objectives, the main research 
activities are : 
1. To design and fabricate lateral bending test equipment.   
  (Case #2- The both ends are pinned). 
2. To run lateral bending test rig under pinned-pinned ends condition. 
3. To compare the result between the experimental and the computer simulation. 
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1.4 Project Scope 
 
This project will focus on the following aspects: 
1. To design a lateral bending test equipment by using SOLIDWORKS 2011. 
2. To fabricate a lateral bending test equipment. 
3. To compare experimental result with theoretical and computer simulations by 
using ABAQUS. (parameter : buckling behavior and strain). 
4. The specimen for experiment test is in both end pinned condition. 
 
1.5 Research Flow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Overall Activities Flow Chart 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Introduction 
 
This chapter provides the detail description literature review done according to 
the title of “Experimental & Numerical Study on Sheet Metal Lateral Bending With 
Both Ends Pinned”. Since the aim of this project is to design and fabricate the buckling 
test equipment, there some are related software, methods and process. Obviously 
literature review related with definition of buckling phenomenon by run the 
experimental and simulation. This literature review will give an overview or a brief 
introduction of the techniques and methods that are suitable to be used in this project. 
 
2.2 Teaching aid 
 
 The main idea of this research is to produce a laboratory equipment as a hand-on 
approach in teaching engineering subject .For certain subject like the finite element 
method that require a lot of   theory and application know ledges, easier for students to 
understand the topic with more practical approaches. Teaching aid is a tool used by 
teachers, facilitators, or tutors to help learners improve reading and other skills, 
illustrate or reinforce a skill, fact, and idea. 
 
 In order to make the teaching aid on lateral stability more resourceful, research 
was conducted to identify ideal ways (best practices) to teach structures to construction 
students and to study course development strategies for structure‟s class. There have 
been literature available on the course development in general but there have been 
limited research on the developing contents of structures courses offered by the 
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construction schools. (Chini,1995) conducted a survey of the structures courses offered 
by ASC member construction schools. The survey was conducted to develop a resource 
data of text books, audio-visual aids, software used for structures courses. Chini‟s 
survey is focused on assessing the need of developing a library of digital images of 
construction sites, problems, examples that can be used by ASC member schools. He 
conducted an internet-based survey that asked for additional information about course 
contents, number of hours of coursework and teaching methodology. Eighty four 
percent of his respondents believed that there should be emphasis on structures courses 
in construction schools. On teaching methodology, seventy eight percent of his 
respondents believed that structures courses should not be taught in the same format as 
the traditional engineering formats. 
 
 He concluded that the emphasis of the structures courses in construction schools 
should on the construction aspects or implications of design problems and not on the 
detailed design of individual components. In addition, he stated that lecture format 
should be combined with experimental work, field trips, audiovisual tapes and guest 
speakers to make material easy to grasp.  
 
 (Williams and Sattineni, 2002) suggested a six-step approach that could help 
student to understand the concepts. The authors state that developing a problem 
statement that ties to realistic situations that the students are familiar with, use of simple 
mathematics, use of what if situations and practice of solving more problems will help 
students to understand structures better. Though this approach deals with how to teach 
structures, it narrows down to problem solving and design of details instead of focusing 
on entire systems. Though the authors do not talk about contents or course development, 
they conclude that structural courses in construction are taught in the same way as they 
are in engineering curriculums and that emphasize should be on a basic understanding 
of the concepts. 
 
 Another research by Dr. Burl E. Dishongh (2003) has studied two paradigms for 
teaching structures and suggested a paradigm that focuses on appreciation of 
engineering processes and use of sketches, experimental observations, and basic 
mathematic and physical relationship. Besides that, computer simulation is commonly 
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used by lectures as a teaching aid in engineering subject. It  is  very  important  to  teach  
metal  forming  processes  in undergraduate  courses  of  Mechanical  Engineering  
because they are widely used to manufacture a great number of parts to  industries  like  
automotive,  machine  tools,  hand  tools, surgical instruments, and many others. There  
is  a  great  difficulty  when  teaching  metal  forming due to the large variety of 
processes, materials and products, which   involve   specific   knowledge   strongly   
related   to craftsmen practical experience. It is also in same case in fabrication and 
design lateral bending equipment. 
 
 Computer simulation has become reliable and acceptable in the metal forming 
industry since the 1980‟s. Metal forming analysis can be performed in three modeling 
scales (R.  Kopp, M.L.  Cao and M.M. Souza, 1987). The first scale is the global 
modeling, which only predicts process loads or work. Analytical methods are used for 
this purpose. Local scale analysis is used to estimate the thermo-mechanical variables 
such as strain, strain rate, and temperature. With the extensive development in 
computational mechanics, numerical methods have been used as an economical 
alternative to perform the local modeling. Microscale modeling computes the micro-
structural evolution during the forming process. Since global scale analysis is only 
applicable to simple situations and micro modeling is still incipient and only gives 
results for specific conditions, local modeling is the most popular approach. Among 
other methods, the Finite Element Methods (FEM) is widely used in metal forming 
analysis due to its capabilities to model the complicated shapes of tools and parts in 
forming processes.  
 
2.3 Buckling 
 
 In engineering mechanics, bending (also known as buckling) characterizes the  
behavior  of  a slender structural element subjected  to a lateral  load.  A structural 
element subjected to  bending is known as a beam. If the load on a strip is applied 
through the center of gravity of its cross section, it is called an axial load. A load at any 
other point in the cross section is known as an eccentric load. A short strip under the 
action of axial load will fail by direct compression before it buckles, but a long strip 
loaded in the same manner will fail by buckling (bending), the buckling effect being so 
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large that the effect of the direct load may be neglected. The intermediate-length strip 
will fail by a combination of direct compressive stress and bending. 
 
Buckling proceeds in manner which may be either: 
 
1. Stable - in which case displacements increase in a controlled fashion as loads are 
increased. The structure's ability to sustain loads is maintained, or 
 
2. Unstable - in which case deformations increase instantaneously, the load 
carrying capacity nose- dives and the structure collapses catastrophically. 
 
3. Neutral equilibrium - is also a theoretical possibility during buckling - this is 
characterized by deformation increase without change in load. 
 
 Buckling of structural members has been investigated for over two centuries 
since the original work of Euler in the 18th century. In recent time, thin-walled 
members have been developed which use increasingly thinner material, now down to as 
low as 0.42mm thickness in some cold-formed sections used for residential 
construction. Section of this type can undergo sectional instability as well as overall 
modes of buckling. 
 
 Buckling has become more of a problem in recent years since the use of high 
strength material requires less material for load support structures and components have 
become generally more slender and buckle-prone. This trend has continued throughout 
technological history i.e. the dangers associated with over-slender build were tragically 
driven home by the collapse o the Tacoma Narrows road bridge over the Puget Sound in 
1940. Although this failure was apparently due to wind-structure aerodynamic coupling 
rather than buckling. 
 
 Buckling can be easily found in strip structure deformation when the strip 
buckle on the its critical point which it cannot return to original shape and have a high 
possibility to crack. The problem of bending of beams probably occurs more often than 
any other loading problem in mechanical design. Shafts, axles, cranks, levers, springs, 
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brackets, and wheels, as well as many other elements, must often be treated as beams in 
the design and analysis of mechanical structures and systems. (Shigley,2006). 
 
 Buckling is a failure mode characterized by a sudden failure of a structural 
member subjected to high compressive stresses, where the actual compressive stress is 
less than the ultimate compressive stresses at the point of failure that the material is 
capable of withstanding. A short strip will fail under the action of an axial load by direct 
compression before it buckles, but a slender strip will fail by buckling in the same 
manner. When a compression member becomes longer, the role of the geometry and 
stiffness (Young's modulus) becomes more and more important. When axial load 
applies at the strip, the critical load for a slender strip can be determined by the Euler 
Buckling Load, 
 
𝑃𝑐𝑟 =  
𝐶𝜋2𝐸𝑙
𝑙2
              
            
 
Where are: 
a) Pcr = Critical load 
b) C = Constant ends condition 
c) E = Young Modulus 
d)  l = Inertia moments 
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Figure 2.1: Ends Condition of Strip Buckling 
 
Source : Shigley (2006) 
 
Where are, 
a) Both ends rounded or pivoted; 
b)  Both ends fixed; 
c) One end free and one end fixed; 
d) One end rounded and pivoted, and one end fixed. 
 
 In the actual design of a member that functions as a strip, the designer will be 
aware of the end conditions shown in Fig. 2.1, and will endeavor to configure the ends, 
using bolts, welds, or pins, for example, so as to achieve the required ideal end 
conditions. In spite of these precautions, the result, following manufacture, is likely to 
contain defects such as initial crookedness or load eccentricities. The existence of such 
defects and the methods of accounting for them will usually involve a factor-of-safety 
approach or a stochastic analysis. These methods work well for long strip and for simple 
compression  members.   
 
Table 2.1: Ends Condition of Strip Buckling 
 
 End- Condition Constant C 
Strip End 
Condition 
Theoretical Value Conservative 
Value 
Recommended 
Value* 
Fixed-Free 1/4 1/4 1/4 
Rounded-rounded 1 1 1 
Fixed-rounded 2 1 1.2 
Fixed-fixed 4 1 1.2 
 
*To be used only with liberal factors of safety when the strip load is accurately known. 
 
Source : Shigley (2006) 
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 Two types of strip failure modes are well known. Local (flange) buckling 
dominates the behavior of stubby strip. Global (Euler) buckling controls the behavior of 
slender strip. For intermediate lengths, the local and global buckling modes interact 
leading to smaller failure loads than predicted by any of the two isolated modes acting 
alone (Thompson and Hunt, Ch. 12, 1973). In design, the interactive behavior for 
intermediate length strips is taken into account by an empirical constant (Barbero and 
Tomblin 1994). Prediction of such constant as a function of geometry, materials 
properties, and imperfections of the strip is the object of this investigation. For metallic 
strips the interaction takes place between one buckling mode and yield, but composites 
remain linear for large strains thus allowing for the interaction between different 
buckling modes. 
 
 Local buckling occurs in short strip a that are long enough not to fail due to 
crushing; that is, when the compression strength of the material is not reached (Barbero 
1998a, Barbero 1999a, Barbero and Wen 2000). The short strip buckling load PL can be 
determined from a short strip test (Tomblin and Barbero 1994, Barbero and Trovillion 
1998c) or predicted using analytical or numerical techniques (Bank and Yin 1996, 
Banks and Rhodes 1983, Barbero and Raftoyiannis 1990, Brown et al. 1998, Davalos 
and Qiao 1998, Pecce et al. 1998, Vakiener et al 1991, Yuan et al. 1991 etc.) Its value is 
independent of the length of the strip as long as the strip is short and wave amplitude 
modulation (Godoy 1999) is not a factor. 
 
 When the length of the strip is such that the predicted local and global loads are 
close, the experimental failure load is lower than both predictions, depending on the 
imperfections. This was shown experimentally by Barbero and Tomblin (1994) and 
Barbero et al. (1999b) for strip and by Foster (1981) for shells. 
 
 Iiyushin (1947) has treated the stability of plates. Stressed above the-elastic limit 
with consideration of three possible zones that might result from buckling as shown in 
Figure 2.3. A purely elastic zone, a zone n which part of the material is in the elastic and 
plastic state which called " elasto-plastic" zone and a purely plastic zone in which all of 
the plate is stressed beyond the elastic limit. All three zones may exist simultaneously if 
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the plate is not entirely in the plastic state before buckling or if the buckling is allowed 
to proceed beyond the initial stages. 
 
 
 
Figure 2.2: Graph Moment Versus Deflection 
 
Source : Shigley (2006) 
 
 The elastic  buckling  and  post-buckling  behavior  of  plain channel  section  
struts  under  compression  and  bending  was examined by Rhodes and Harvey (1976) 
using a semi-energy method of analysis. This work outlines the essential differences in 
strut behavior when subjected to either controlled compression eccentricity or controlled 
load eccentricity. Centrically loaded struts are shown, in general, to have less stiffness 
after local buckling than uniformly compressed struts. Rhodes and Harvey (1976) point 
out that after local buckling, the uniformity of compression is lost for the case of 
centroidal loading and that due to the resulting changes in compression eccentricity, the 
post-buckling stiffness of the struts is reduced. 
 
 The investigation by Zbigniew Kolakowski (1998) is concerned with open 
cross-section strip under an axial compression or and a constant bending moment. The 
beam- strip are assumed to be simply supported at the ends. His aimed is to improve the 
study of the equilibrium path in the post-buckling behavior of imperfect structures with 
regarding the second order non-linear approximation and the effect of cross-sectional 
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distortions. The principal goal of numerical analysis is to investigate the influence of the 
wall orthotropic factor of strips upon the all buckling modes from global (flexural, 
flexural-torsional, lateral, distortional and their combination) to local and upon the 
coupled post-buckling state. In the solution obtained the transformation of buckling 
modes with the increase of load up to the ultimate load and shear lag phenomenon is 
included. 
 
2.4 Strip 
 
 A strip or pillar in architecture and structural engineering is a vertical structural 
element that transmits, through compression, the weight of the structure above to other 
structural element below. For the purpose of wind or earthquake engineering, strips may 
be designed to resist lateral forces. 
 
 A strut is a structural component designed to resist longitudinal compression. 
Struts provide outwards-facing support in their lengthwise direction, which can be used 
to keep two other components separate, performing the opposite function of a tie. They 
are commonly used in architecture and engineering. Ideal strip is a strip which does not 
show any deflection at the critical load for that strip i.e. 𝑃𝑐𝑟  is known as an ideal strip. In 
our real life o strips s is an ideal strip. A real strip is a strip which shoes some deflection 
even a minor one when critical load is applied. 
 
 When it comes to the classification of strips, there are 3 different standards on 
the basis of which we can classify and distinguish the strips. There are :  
 
1. Based on 𝐿𝑒 /D 
In this ratio, 𝐿𝑒  represents the effective length of the strip and D represent the 
least dimension of the pillar. 
 
2. Based on slenderness ratio 
Slenderness ration is the ratio between effective length and radius of gyration of 
the strip. Usually least radius of gyration is used for this equation as the strip 
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buckle along the axis where there is least value of r and maximum value of 
slenderness ratio. This ratio can be mathematically expressed as :  
 
Slenderness ratio = 
𝐾𝐿
𝑟
 
 
3. Based on eccentricity. 
On the basis of this standard strip are to be divided in 2 categories : 
i. Strip with concentric loading 
ii. Strip with eccentric loading 
 
 The main parameter that will be investigate in buckling changes is a elongation 
buckle along the strip surface. By using FEM software, the strain in the elongation of 
strip can be investigate. 
 
2.5 Stress Strain Diagram 
 
 A stress–strain diagram is a graph derived from measuring load (stress – σ) 
versus extension (strain-ε) for a sample of a material. The nature of the curve varies 
from material to material. The following diagrams illustrate the stress–strain behavior of 
typical materials in terms of the engineering stress and engineering strain where the 
stress and strain are calculated based on the original dimensions of the sample and not 
the instantaneous values. In each case the samples are loaded in tension although in 
many cases similar behavior is observed in compression. 
 
